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Abstract. Various psychopathologies, including schizophrenia, bipolar disorder and major depression, are associ-
ated with abnormalities in social behavior and learning. One of the syndromes that may also take place in these dis-
orders is catatonia. Catatonia is a psychomotor syndrome in which motor excitement, stereotypy, stuporous state,
including the phenomenon of “waxy flexibility” (catalepsy), can be observed. Rats with genetic catatonia (GC) and
pendulum-like movements (PM) of the anterior half of the body have physiological and behavioral changes similar
to those observed in schizophrenia and depression in humans and can be considered as incomplete experimental
models of these pathologies. The social behavior of the GC and PM rats has not been previously studied, and the
cognitive abilities of animals of these strains are also insufficiently studied. To determine whether the GC and PM
rats have changes in social behavior and spatial learning, behavioral phenotyping was performed in the resident-
intruder test, three-chamber test, Barnes maze test. Some deviations in social behavior, such as increased offensive
aggression in PM rats in the resident-intruder test, increased or decreased social interactions depending on the
environment in different tests in GC, were shown. In addition, principal component analysis revealed a negative
association between catatonic freezing and the socialization index in the three-chamber test. Decreased locomotor
activity of GC rats can adversely affect the performance of tasks on spatial memory. It has been shown that PM rats
do not use a spatial strategy in the Barnes maze, which may indicate impairment of learning and spatial memory.
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AHHOTauuA. Pa3nnyHble NCUMXONaTonoruy, BKAYaa WwusodpeHnto, 6UNonapHoe paccTporcTBO 1 6onblioe fAe-
NpPeccMBHOE PaCcCTPOICTBO, aCCOLMMPOBaHbI C OTKTIOHEHMSAMI B COLMANbHOM MoBeAeHn 1 0bydyeHnn. OgHUM
13 CUHAPOMOB, KOTOPbIN TakXe MOXeT MMEeTb MeCTO MPU 3TUX PacCTPONCTBaX, ABNAETCA KaTaToHMA. KaTaToHnA —
NCYXOMOTOPHOE PAaCcCTPOMNCTBO, MPU KOTOPOM MOTYT HabnofaTbCs ABUraTeNbHOe BO3OYKAEHVE, CTEPeoTUNUN,
CTYMnop, B TOM YmMCIie C ABIEHNEM «BOCKOBOW rMOKOCTU» (KaTanencum). Kpbicbl ¢ reHeTuyecko KataToHuei (MK) n
MasTHUKOOOPA3HbIMU CTEPEOTUNHBIMU ABMKeHUAMU (M) nmetoT dusmonornyeckre 1 noBefeHYeckne nsmeHe-
HWA, CXOfHble C HabMoAaemMbIMN NPK WN30GPEHUN 1 AeNPeccu Y YenoBeka, U MOTyT paccMaTprBaTbCA Kak He-
NOJIHblE SKCNepUMeHTasbHble Mogenu 3Tux natonornin. CouranbHoe nosefeHne Kpbic nuHui TK n M paHee He
6bIS10 MCCNefoBaHO, TakXKe HeAOCTaTOUHO U3YyYeHbl KOTHUTVBHbIE CMOCOOHOCTU XKUBOTHBIX JaHHbIX MUHWIA. YTOGbI
onpenennTb, UMEKTCA NN U3MEHEHNUA B COLMANbHOM MOBEAEHNUM U MPOCTPAHCTBEHHOM 00YUYEHWI Y KPbIC TMHWIA
'K n M[, 66110 npoBefeHo 1x NoBeAeHYeckoe GeHOTUMNMPOBaHME B TeCTe «Pe3nLEHT-UHTPYAEP», TPEXKaMEPHOM
TecTe v NabuprHTe bapHC. B Halweln paboTe NMokasaHbl HEKOTOpble OTK/IOHEHMS B COLMANbHOM MOBEAEHWN, Ta-
Kne Kak ycuneHne o60poHuUTeNbHONM arpeccumn y Kpbic M, yBennyeHve nnn ymeHblUeHNe YPOBHA COLMANbHbIX
B3aMMOZJENCTBUI B 3aBUCUMOCTI OT YCIIOBUI TeCTUPOBaHUA y Kpbic K. Kpome Toro, aHanms rnaBHbIX KOMMOHEHT

© Plekanchuk V.S., Prokudina O.l., Ryazanova M.A., 2022
This work is licensed under a Creative Commons Attribution 4.0 License



V.S. Plekanchuk, O.I. Prokudina
M.A. Ryazanova

Social behavior and spatial orientation
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BblABUN OTPULATENIbHYIO CBA3b MeXAYy KaTaTOHUYEeCKMM 3acTbiBaHNEM N MHOEKCOM COLUMalIbHOCTUN B TPeXKaMep-
HoM TecTe. CHUXKeHue ﬂBI/IFaTeﬂbHOIﬁ AKTUBHOCTU KpbIC K MOXeT HeraTMBHO BAMUATb Ha BblMONHEHNE 3a,an|/||7|
no oueHke I'IpOCTpaHCTBeHHOVI namaATtu. NokasaHo, uto KpPbICbl M[ He NCNOJIb3YHOT NMPOCTPAaHCTBEHHYIO CTPATENNIO
B na6|/|p|/|HTe EapHc, YTO MOXET yKa3blBaTb Ha HapylleHune o6yqu|/|ﬂ n I'IpOCTpaHCTBeHHOIh namATn.

KnioueBble cnoBa: KaTaToOHWA; MMHUA KpbIC IK; nuHuna KpbIC ML, snnnencus; crepeoTnnnn, 06yquV|e; coumanbHoe

B3a|/|MO,qu7ICTBMe.

Introduction

In psychiatric classification, there is an acute issue of division
and diagnosis of individual nosological units. A lot of evidence
pointing to the generally continuous nature of psychopatholog-
ical variation versus discrete has been accumulated (Krueger
et al., 2018). In DSM-5 (Diagnostic and Statistical Manual
of mental disorders), there are many “spectra” and groups
of disorders (Autism Spectrum Disorder, Schizophrenia
Spectrum and Other Psychotic Disorders, Bipolar and related
disorders), the symptoms of which overlap very strongly. The
comorbidity observed between major depression and schizo-
phrenia (Samsom, Wong, 2015), bipolar disorder, attention
deficit hyperactivity disorder, and autism (Kiser et al., 2015)
implies that the same pathophysiological processes occur in
these diseases. In this regard, new concepts are being created
that try to explain the pathogenesis of distinct psychiatric
symptoms and emphasize the exploration of endophenotypes
but not of complex diseases (Anderzhanova et al., 2017). This
approach solves the “problem of comorbidity” by explicitly
modeling patterns of co-occurrence among signs and symp-
toms (Krueger et al., 2018).

One of the syndromes that can be used as a “specifier” in
DSM-5 for the characterization of several clinical phenotypes
including schizophrenia spectrum disorders, affective, and
neurodevelopmental disorders is catatonia (Wilson et al.,
2015). Catatonia is a psychomotor syndrome characterized by
various signs: stupor, catalepsy (posturing, waxy flexibility),
stereotypy, mutism. This motor and behavioral alteration
may occur in many psychiatric conditions but predominantly
in schizophrenia, affective psychosis, autism (Fink, Taylor,
2001). While many aspects of human psychopathologies
cannot be simulated in animals, some symptoms of catatonia
can. Different animal models can help characterize the nature
of specific psychopathology symptoms, and there are special
behavioral parameters of potential relevance to signs and
symptoms of schizophrenia. Excessive catatonic reactions in
animals can also correspond to catatonia in humans and include
presence of bizarre motor activity, decrease in motor activity,
or catatonic excitement (intense bursts of agitated stereotypy).

For genetically based modeling of schizophrenia-relevant
and catatonia-relevant symptoms, the GC (genetic catatonia)
and the PM (pendulum-like movements) rat strains were of-
fered (Timofeeva, 1985). The strains were obtained by selec-
tion for intensification of such catatonic reactions as freezing
or catalepsy (GC strain) and stereotyped pendulum movements
(PM strain). The GC rats demonstrate occasional freezing
or, instead, hyperkinetic behavioral reactions that resemble
the manifestations of the catatonic syndrome (Ryazanova et
al., 2012). These reactions can be spontaneous, as well as in
response to a weak stressful stimulus, such as in a special test
for catatonic freezing (Fig. 1, a). In addition, rats of this strain
are characterized by increased stress reactivity (Alekhina et
al., 2015), increased shock-induced aggression (Nikulina et
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al., 1987), impaired filtration of sensorimotor information
(manifested by a deficiency of PPI) (Ryazanova et al., 2017).
PM rats are characterized by rhythmic side-to-side rocking
of the head and forebody in the absence of locomotion (see
Fig. 1, b). More than that, rats selected for an increased
amplitude of pendulum-like movements after the 40th gene-
ration started generating seizures to audiogenic stimulation
(Alekhina et al., 2007).

Despite some parameters supporting face validity of this
model, phenotype of these strains is not yet well explored. For
example, aspects of behavior and cognitive activity such as
social interactions and learning are also of interest. A variety
of neuropsychiatric disorders are characterized by disruptions
in social behavior and social recognition, including depression,
autism spectrum disorders, bipolar disorders, obsessive-com-
pulsive disorders, and schizophrenia. In animals, altered social
interaction responses in a variety of situations are considered
as analogs related to negative — social withdrawal — symptoms
of schizophrenia (Powell, Miyakawa, 2006), hyperactivity and
aggressive behavior directly related to positive symptoms of
schizophrenia (Volavka, Citrome, 2008).

To determine whether selection for predisposition to the
catatonic freezing and the amplitude of pendulum-like move-
ments influenced social interactions and learning in the GC
and PM rat strains, behavioral phenotyping of rats in the
resident intruder test, three-chamber test, Barnes maze test
was carried out.

Methods
The study was carried out on male rats of the GC (genetic
catatonia), PM (pendulum-like movements), Wistar and
WAG (Wistar Albino Glaxo) strains. Since the PM rat strain
is outbred, rats of the outbred Wistar strain were used as a
control, while for the inbred GC, the inbred WAG were used.

Experiment 1 included the catatonic freezing test (22 males
at the age of 2 months from each strain); the three-chamber
paradigm test (the same 15 males at the age of 5 months
from each strain) and the resident-intruder test (5 days after
the three-chamber test). In the Experiment 2, another 60 rats
(15 males at the age of 4 months from each strain) were tested
in the Barnes maze.

Rats were kept under standard vivarium conditions with
a free access to food and water. All experimental procedures
complied with the rules and regulations formulated in the
EU Council Directive 1986 (86/609/EEC) and the Declara-
tion of Helsinki on the protection of vertebrate animals used
in experimental research and approved by the ICG SB RAS
Bioethics Committee (protocol No. 43, 28.09.2018).

Experiment 1. Social behavior and catatonia

The catatonic freezing test is a selection criterion for the
GC rats and was carried out according to the protocol (Timofe-
eva, 1985). To determine the presence or absence of freezing
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Fig. 1. Catatonic reactions in rats: g, catalepsy in GG; b, pendulum-like movements of the PM rats.

reactions and their duration, the rat was uplifted in the corner
of the cage by the forelegs using a test stick. The freezing time
was estimated as a time during which the animal retained the
induced posture or freezing position on 4 paws after the stick
was removed. Rats were tested two times on different days.
The three-chamber paradigm test. The three-chamber
social interaction assay was performed to assess social
deficits according to the protocol (Kaidanovich-Beilin et al.,
2011). Testing was carried out in a test arena manufactured
by OpenScience, Russia, model TS1701-R. The apparatus
for the test is comprised of a rectangular, three-chamber box.
Each chamber is 4085 c¢cm and the dividing walls are made
from clear Plexiglas, with an open middle section, which
allows free access to each chamber. For habituation, the test
rat was placed into a Plexiglas’s arena containing two empty
cylindrical containers in two side chambers for 10 minutes.
Session I. Wistar males of the same weight without any
prior contact (not littermates) with the subject were used as
control animals (Stranger 1 and Stranger 2). One of the control
rats (Stranger 1) was placed in one of the containers located
in one of the side chambers. The placement of Stranger 1 on
the left or right side of the chamber was systematically altered
between trials. After removing the walls between the compart-
ments, the following parameters were monitored and recorded:
duration of direct contacts of the subject rat with Stranger 1;
duration of contacts with empty enclosure. The duration of ses-
sion [ was 10 minutes. Then the Session II began. The second
control rat was placed in the empty cylinder in the opposite
side chamber. Duration of direct contacts of the subject rat
with Stranger 1 and Stranger 2 were monitored and recorded
within 10 minutes. The socialization index was calculated
by the formula (7', —1,)/(T,+7,)x100 %, where T is the time
of contact with the containment cup housing Stranger 1 rat;
T;,—time of contact with the empty enclosure. The social novelty
index is calculated by the formula (7,—T,)/(T,+T,)*100 %,
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where T is the time of contact with familiar rat (Stranger 1),
T, is the time of contact with the container housing Stranger 2
rat. The freezing time in this test was also recorded at each
session (Freezing 1 and Freezing 2, respectively).

The resident-intruder test. To measure offensive aggres-
sion, the resident-intruder test was performed according to
the standard protocol (Koolhaas et al., 2013). To assess the
defensive behavior of resident males of the studied strain, they
were placed in cages for 7 days before the test. To preserve
olfactory signals, the cage was not cleaned before the test. The
intruder (the Wistar male of the same size) was placed in the
resident’s cage through the partition, then the partition was
removed. Testing was carried out for 10 minutes. Durations
of the behavioral parameters were registered: (1) total offense:
sum of lateral threat, upright, clinch and keep down; (2) social
exploration: sum of social explore, ano-genital sniffing and
move towards; (3) non-social activity: non-social explore,
rearing, grooming; (4) inactivity, including rest and freezing
(freezing in the RI). Also the numbers of mounts and attack
latencies were analyzed.

The analysis of the main factors determining the variability
of behavior characteristics in Experiment 1 was investigated
by the Principal Component Analysis.

Experiment 2. Spatial learning

The Barnes maze was used to test the acquisition of spatial
memory. Testing was carried out in a setup manufactured by
RPC OpenScience, Russia, model TS1101-R (field diameter
122 c¢m, 18 holes are located around the perimeter). Testing
in the Barnes maze included 3-minute training sessions once
a day for 5 days (Stansley, Yamamoto, 2015). Probe trial was
administered 24 hours after the acquisition session (Day 7).
The following parameters were to be calculated: (1) primary
latency, (2) primary errors, (3) distance moved (in cm), and
(4) velocity (cm/s) (Gawel et al., 2019).
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Fig. 2. Behavioral profile of resident males during a ten minutes'resident-
intruder test.

Differences marked are shown for PM versus Wistar rats, and GC versus WAG.
*p < 0.05; *** p <0.001, Student’s t-test.

Video tracking and registration of behavioral parameters
were carried out using the program EthoVision XT 15 (Noldus,
Wageningen, Netherlands). In addition, on 4, 5 and 7 day trial
was classified into 1 of 3 categories of search strategy (Yassine
etal., 2013) reflecting the use of either a direct spatial strategy
(defined as direct visit to the target, sometimes preceded by
at most 1 adjacent hole visit), a serial strategy (minimum of
2 adjacent hole visits in a serial manner before reaching the
target) or a mixed (i. e., random) strategy (remaining trials).
The data were subsequently analyzed in terms of percentage
of trials with a direct spatial strategy.

Statistics

The obtained data were processed using STATISTICA 10.0.
In the paper, data are presented as mean + SEM. Behavioral
scores from Experiment 1 were analyzed by Student #-tests
(except for parameters: lateral threating, clinch attack, attack
latencies, which was analyzed by Mann—Whitney U test).
When comparing a rate, Fisher’s exact test was used. The
analysis of the main factors that determine the variability of
behavior characteristics in Experiment 1 was investigated
by the principal component analysis. In Experiment 2, com-
parisons of components were made using the Mann—Whitney
U test. Data analysis from the training sessions of Barnes maze
was carried out using repeated measures ANOVA, followed
by Fisher LSD post hoc analyses to analyze group differences.
Statistical evaluation of the probe trial data was performed
using one-way ANOVA, Fisher LSD post hoc analyses.

Results

Experiment 1. Social behavior and catatonia

The catatonic freezing test revealed a mean duration of freez-
ing in the GC and PM rats is by far longer than in the control
rats (35.6 £ 3.4 s in GC vs 18.4+3.0 s in WAG, p<0.001;
23.7+3.7 s in PM vs 16.6+4.5 s in Wistar, p<0.05). In ad-
dition, a rate of rats in populations that freeze for longer
than 10 seconds was estimated. In the GC (95.5 %) and
PM (77.3 %) strains, the rate is significantly higher than in
the control strains (63.6 and 39.1 %, respectively; p < 0.01,
F=0.0351 for GC; F = 0.0155 for PM).
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Component patterns for Experiment 1

Variables @ (@) (e

The catatonic
freezing test

The resident-
intruder test

The three-
chamber test

Note. Catatonic freezing — duration of stupor in the catatonic freezing test;
Freezing in Rl - duration of immobility in the resident-intruder test; Mount -
number of mounts in the resident-intruder test; Offense in Rl - total duration
of aggressive behavior in the resident-intruder test; Social exploration in Rl -
total duration of non-aggressive social behavior in the resident-intruder test;
Sociability index — in the three-chamber paradigm test; Social novelty index —
in the three-chamber paradigm test; Freezing 1 and Freezing 2 in the three-
chamber test — duration of immobility in the session | and in the session I,
respectively, of the three-chamber paradigm test. Only component patterns
above 0.55 were recorded.

A study of behavior in the three-chamber paradigm test
showed a decrease in the sociability index in the GC rats
(18.6 +10.2) compared to WAG (56.0 £ 10.1) (» <0.05). The
sociability index in the PM rats (35.7 + 15.4 vs 44.6 £+ 14.6),
as well as the social novelty index in both groups (-9.4+12.1
in GC, —0.7+15.8 in PM) did not differ from the control
(-15.84+12.9 in WAG, —29.6 + 12.5 in Wistar).

In the resident-intruder test the parameters of resident’s
behavior in the home cage when adding an intruder were
registered and combined in categories (see Methods). The
analysis revealed an increased level of social exploration of
PM versus Wistar, as well as GC compared to WAG (p<0.05)
(Fig. 2). Moreover, unlike the GC, PM rats exhibited more
aggressive behavior both in total duration (p < 0.05) and
short attack latencies (90.3+ 16.9) compared to Wistar
(273.7+65.8, p<0.05). In addition, the GC and PM strains
showed significantly increased sexual behavior (p < 0.01),
which was estimated in the number of mounts (3.5 + 0.9 in
GCvs0.0£0in WAG;2.9+0.7in PM vs 0.6 = 0.4 in Wistar).
Non-social activity of the GC and PM rats was significantly
lower compared to control (»p <0.05 and p <0.001), while the
time of inactivity was higher (p < 0.05). Thus, the behavior
of the GC and PM rats in the home cage when the intruder is
placed shifts towards an increase in social interactions with a
decrease in exploratory activity.

The principal component analysis of Experiment 1 para-
meters produced three factors with eigenvalues greater than 1.
These three factors explain 57 % of the variance in the cor-
relation matrix. The factor patterns are presented in the Table.

Component 1 (24.1 % of variance) was explained by stupor
in the catatonic freezing test (—0.69) and in the three-chamber
paradigm test (—0.68 for session I; —0.65 for session II) and
sociability index value (0.59).
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Component 2 (18.7 % of variance) was mainly loaded by
number of mounts (0.74) and total duration of non-aggressive
social behavior (0.66) in the resident-intruder test.

Component 3 (14.2 % of variance) was loaded by the total
duration of aggressive behavior (0.71) and duration of im-
mobility (0.57) in the resident-intruder test.

Mann—Whitney U test procedures showed a strain effect for
Component | in PM and Wistar rats (p < 0.001) (Fig. 3, a).
For WAG and GC, a significant difference was shown in Com-
ponent 1 (p <0.001) and Component 2 (p <0.01) (Fig. 3, b).

Experiment 2. Barnes maze task

The data analysis revealed that latency time for the GC group
was significantly increased in the probe trial when compared
to the WAG group (F[1.26] = 5.9, p < 0.05) (Fig. 5, a). No
difference was found between PM and Wistar. The average
velocity of movement across the maze field did not differ
for Wistar and PM. Comparison of GC and WAG rats speed
revealed a significant effect of the test day (F[4, 108]=13.7,
»<0.0001) and the interaction of factors of the genotype and
the test day on the speed (F[4, 108] = 3.95, p < 0.001) was
found. The average velocity of movement across the maze field
was significantly lower for GC in day 3 (effect of the genotype
factor, p < 0.001), in day 4 (p < 0.05), in day 5 (p <0.05)
(Fig. 4, b) and in the probe trial (F[1.28] =12, p <0.01) (see
Fig. 5, b). Total distance moved did not differ between groups.
The use of spatial strategy increased with the training during
the acquisition phase, except for the PM group: in the 7th day

b 10

Velocity, cm/s

40

30

20

Percentage of spatial strategy

10

Day 4 Day 5

Training days

Day 7

Fig. 4. Spatial learning of the PM and GC rats during the acquisition session in the Barnes maze compared to Wistar and WAG, respectively: a, mean
latencies to enter the escape hole; b, the average velocity of movement across the maze field; ¢, mean distance traveled; d, the incidence of spatial

strategy in groups.
*p<0.05 % p<0.01,**p<0.00]1.
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Fig. 5. Probe trial in the Barnes maze of the PM and GC rats compared to Wistar and WAG, respectively: a, mean latencies to enter the escape hole; b, the

average velocity of movement across the maze field.
*p < 0.05,* p <0.0]1.

of trials, the incidence of spatial strategy in the PM rats was
0 % (0/15) compared to 46.7 % (7/15) in the Wistar rats
(» <0.01, F = 0.0063, Fisher’s exact test) (see Fig. 4, d).
There was no significant effect of genetic group on the
mean number of errors per trial made during the probe trial.

Discussion

Experiment 1. Social behavior and catatonia

Decreased sociability in the three-chamber test shown by
GC rats in this work is consistent with literature data about
social abnormalities in different animal models of psychopa-
thologies. Most of the animal models of schizophrenia have
decreased or normal social interaction (Jones et al., 2011; Nani
etal., 2019). In particular, in the model of negative symptoms
of schizophrenia in animals induced by NMDA-receptor an-
tagonists, social interaction deficits have been shown (Neill et
al., 2010). DISC-1 mutations known to cause schizophrenia-
like abnormalities in rodents can impairs cognitive and social
behaviors in some transgenic mice (Shevelkin et al., 2017;
Sultana, Lee, 2020), but not in rats (Li, Zhang, 2017; Glenn et
al., 2021). Research of knockouts of the Neuregulin-1 (NRG1)
gene which has been identified as a candidate susceptibility
gene for schizophrenia, revealed a selective impairment in
response to social novelty in NRG1 mutants, but not in so-
ciability (O’Tuathaigh et al., 2007). Developmental models of
schizophrenia, such as using neonatal lesions of the rat ventral
hippocampus or prenatal administration of methylazomethanol
into pregnant rats, result in deficits in social behavior, as well
as impaired memory, and increased anxiety (Sams-Dodd et
al., 1997; Winship et al., 2019). Another selective breeding
model of psychopathology that exhibits increased freezing
to context (but unlike rats of the GC strain only onto acute
prior stress) is the Wistar Kyoto (WKY) rats (Nosek et al.,
2008). WKY is a depression model characterized by elevated
anxiety- and depression-like behavior. In the social interaction
assessment, the WK rats avoided contact with another rats
(Nam et al., 2014).

However, in the resident-intruder test, the total time that
the GC and PM rats spent on direct contact with a social ob-
ject (intruder) was significantly higher than that of control.
This discrepancy in social activity in the two tests may be
explained by different environmental conditions that affect
emotional state and motivation. Stress level of the three-
chamber test is mostly caused by placing the experimental
animal into a novel environment by the experimenter. Earlier
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it was shown that the GC rats react more strongly even to the
handling required to place the animal in the experimental
setup: corticosterone concentrations were increased during
handling, but reduced at rest (Alekhina et al., 2016). Such
an increased stress reactivity in the GC rats may explain the
decrease in sociability index in the three-chamber test due to
the passive-defensive reaction in response to handling stress
in the three-chamber test, but not in the resident-intruder test,
which does not require handling. Previously, it was shown that
passive-defensive reflex expressed in the form of catatonic
stupor is of dominant character and significantly prevails over
cognitive and alimentary reflexes (Petrova, 1990). The results
of'this work suggest that the predisposition to catatonic stupor
also negatively affects social motivation during testing in the
three-chamber paradigm.

The data on the increase in social contacts of both GC rats
and PM rats in the resident-intruder test shown in this work
are of interest. It is known that an increase in social interaction
in rodents can be achieved in certain ways, such as medial
prefrontal cortex lesions (Gonzalez et al., 2000) or low doses
of ethanol (Varlinskaya et al., 2001). At the neurochemical
level, a wide variety of systems have been examined for their
role in the normal expression of social behavior (Crowley et
al., 1989). Oxytocin, vasopressin, endogenous opioids and
catecholamines appear to participate in a wide variety of
affiliative behaviors (Nelson, Panksepp, 1998). Acute admin-
istration of opiate drugs, low dose morphine and naltrexone
produced a more robust attenuation of social investigation than
non-social exploratory activity in rats. Amphetamine increased
both forms of investigation and haloperidol had the opposite
effect (Deak et al., 2009). More than that, there is evidence
of the involvement of the glutamate system in the formation
of social deviations. D-Cycloserine, a partial agonist at the
glycine recognition site of the glutamatergic NMDA recep-
tor, can increase social investigation and sexual behavior and
decrease aggressiveness in mice (McAllister, 1994). There are
results supporting a role of glutamate receptors subunits in
the modulation of social behavior (Vekovischeva et al., 2004;
Adameczyk et al., 2012), however the study of the glutamate
receptors genes mRNA in the hippocampus and frontal cor-
tex of the GC rats did not reveal any changes (Plekanchuk,
Ryazanova, 2021).

The increased mounting in the GC and PM rats shown
in this paper may be indicative of aggressiveness between
rats of the same sex. It has previously been shown that the
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GC rats demonstrate a high level of shock-induced aggres-
sion (Nikulina et al., 1987), but not aggression towards male
rats or interspecies aggression towards mice (Alekhina et al.,
1987). In addition, both PM and GC rats have an increased
aggressive response towards humans (Alekhina et al., 2016;
Alekhina, Kozhemyakina, 2019).

Considering the fact that PM rats, in addition to catatonic
symptoms, have a predisposition to audiogenic seizures, the
connection between epilepsy and psychopathology in humans
should be mentioned. Many symptoms of neurologic or psy-
chiatric illnesses — such as cognitive impairment, depression,
anxiety, attention deficits — occur more frequently in people
with epilepsy than in the general population (Brooks-Kayal
et al., 2013). The rat lines selectively bred for differences in
amygdala excitability, manifested by “fast” or “slow” kindling
epileptogenesis, display several comorbid features related
to anxiety and learning. Seizure-prone genetic background
provides poorer original learning and easier disruption of
new learning, as well as increased anxiety and impulsivity
(McLntyre et al., 2004). Rats in the chronic phase of the
lithium-pilocarpine model of epilepsy showed disturbed
communicative behavior, with impaired social behavioral
patterns, increased motor activity and impaired memory
function (Smolensky et al., 2019). Aggression is one of seve-
ral psychiatric disorders that is observed, among others, in
epileptic patients (Deb et al., 2020). This association has
been reliably replicated in several animal models including
those using pilocarpine (Desjardins et al., 2001) and domoic
acid (Fuquay et al., 2012), in which aggression develops
either in parallel to spontaneous seizures or precedes the
development of recurrent seizures. The increased offensive
behavior of the PM rats in the resident-intruder test shown in
this work may confirm the likely relationship between seizure
predisposition and aggressiveness.

Experiment 2. The Barnes maze task
Rodent basal cognitive abilities include, along with elementary
logic tasks solutions and generalization capacity of a low level,
spatial behavior and memory. This type of cognitive ability
requires the formation of mental representations of spatial
environmental characteristics (Poletaeva, Zorina, 2014). To
test the acquisition of spatial memory in PM and GC, the
Barnes maze was used. The increased time required to search
for the target hole in the GC rats may indicate impaired spatial
learning. However, a decreased locomotor activity has earlier
been shown in rats of this line (Petrova, 1990), and to assess
whether potential disturbances are in fact memory impair-
ments it is necessary to take into account such parameters
as primary errors and search strategy. No differences were
shown for these parameters in GC compared to WAG. The
reduced GC rats velocity of movement across the maze field
for 3—7 days confirms the effect of motor activity on latency
to first target visits. The GC rats appear to have no learning
impairment in this test. The fact that the velocity of movement
of the GC rats in the field does not differ in the first two days
of'testing, but is less than in the control on the following days,
may indicate a slower adaptation to new conditions.
Estimation of the search strategy showed differences in
PM in comparison with Wistar. After a few days of training,
non-cognitively impaired animals frequently use the spatial
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strategy to resolve the BM task. The fact that after a few days
of learning trials the PM rats still use mixed (i. e., random) and
serial strategies instead of spatial to resolve the maze means
that they are cognitively impaired and do not employ spatial
clues to reach the target hole (Yassine et al., 2013). It has previ-
ously been shown that the PM rats exhibit longer latency and
lower rate of successful trials in the Morris water test, at the
same time, the GC rats did not differ from the control in these
parameters (Barykina et al., 2009). The Morris water maze
is more stressful for animals than the Barnes maze, because
there is water immersion (Gawel et al., 2019). Water-maze
training induced greater increases in plasma corticosterone
which may affect the performance of animals (Harrison et al.,
2009). In addition, the GC rats are inclined to passive drift
and longer floating episodes in the Morris water test (Barykina
et al., 2009). Low movement speed in Barnes’s maze, high
time of inactivity and low exploratory activity in the resident-
intruder test in the GC rats are caused by catatonic freezing.
The data shown in this work confirm the manifestation of
catatonic inhibition by the GC rats in different stressful situ-
ations (Barykina et al., 2009).

Conclusion

Selection for the duration of catatonic freezing and the ampli-
tude of pendulum-like movements influenced social interac-
tions and learning in the GC and PM rat strains. In particular,
the GC rats have increased or decreased social interactions
depending on the environment, and a negative relationship
between catatonic freezing and sociality were shown in this
work. The PM rats show increased social activity and offensive
aggression in the resident-intruder test. Except for the reduced
velocity of movement across the maze field, the GC rats appear
to have no difficulty in solving the Barnes maze, whereas the
PM rats do not use a spatial strategy in the maze, which may
indicate impairment of learning and spatial memory.
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